INTRODUCTION
ter and improve the aesthetics of the landscape [Siuta 2005 , Antonkiewicz, Radkowski 2006 .
Biological reclamation of landfill furnace, with the use of deposits of soil formation and vegetation, is more and more often used and improved [Hryncewicz et al. 1972 , Żak 1972 , Wysocki 1984 , 1988 Methods of biological reclamation of land resources require large amounts of humus and significant financial resources. Initiating the process of soil formation to obtain appropriate habitat conditions for the growth and formation of plant cover is a cheaper solution. For this purpose, organic fertilizers are used, due to their high nutrient and cariogenic substance content. They are mainly sewage sludge, compost, municipal waste, peat, etc. The introduction of these substances onto the surface layer of furnace ashes initiates biological life and soil formation process, facilitating conditions for the development of plants. Organic matter forms an absorbing complex for nutrients and water [Gilewska 1999 Appropriately conducted reclamation generates favourable conditions for the formation of the vegetation cover consisting of agronomically introduced and spontaneously grown reclamation plants [Góral 2001 ]. The plants which are most useful in reclamation Góral [2001] enumerates species of the families papilionaceous family and crossed cabbage family, in case of the use of sewage sludge; on the other hand, when composts are used a similar role can be played by segetal weeds of the family from goosefoot family and some taxa from the group of ruderal plants.
The aim of the study was to evaluate the effectiveness of reclamation on an experimental bed of combustion waste fed with several types of nutrients. This assessment was obtained on the basis of the percentage coverage of species and estimate crop yields and ecological characteristics of plant species.
MATERIALS AND METHODS
The richness of species and plant yield was studied on the model bed ash from the heat and power plant Kawęczyn. The deposits were stored in cylindrical containers with a diameter of 80 cm (0.5 m 2 area) and a height of 100 cm ( Figure 1 ). Model deposits had the following chemical composition:
• main ingredients: SiO 2 -48,5%; Al 2 O 3 -4,8%; Fe 2 O 3 -2,8%; CaO -2,8%; MgO -2,7%; K 2 O -2,1%; TiO 2 -1,1%; Na 2 O -0,8%; MnO 2 -0,5%; • heavy metals, in mg/100g: Zn -90; Cu -59;
Pb -50; Ni -42; Co -17; Cd -15; Cr -46.
The containers with waste deposits were fertilized with following substances:
• experimentally produced plant compost from green municipal waste (kr) [Madej 2007 , Madej et al. 2010 ]; • "Radiowo" compost from non-selectively collected municipal waste (kRa); • compost from municipal waste processing plant -Zakład Unieszkodliwiania Stałych Odpadów Komunalnych "ZUSOK" (kZ); • AG -COMPLEX compost made from green municipal waste from Warsaw (kC) [Opaliński 2007 ]; • sewage sludge from Radzymin plant (O);
• Mineral fertiliser N, P 2 O 5 , K 2 O (NPK).
For one variant of the experiment there were six containers, two for each of the three doses of nutrients (single, doubled and tripled) (Figure 4-6) .
The scheme of the experiment and reclamation dose of fertilizers is presented in Table 1 , and their characteristics in Table 2 Prior to the second stage of the experiment (2011-2013) ground (dry) mass of the plant was removed, leaving the root part. In the spring of 2011. mixture of four grass species was seeded: perennial ryegrass var. Stadion, smooth meadow-grass var. Evona, tall fescue var. Starlett, red fescue var. Maxima and one species of dicotyledonous plant - In the growing seasons of Stage II of the experiment detailed observations of the flora were carried out. The listed plant species were analyzed for floristic and phytosociological, taxonomic and ecological characteristics. Three-year dynamics of plants changes in containers during the multi-variant experiment were expressed as the percentage share of cover crops in different experimental models. Based on the species composition of plants, systematic, syntaxonomic, ecological, geographical and historical groups were distinguished, and the forms of life by Raunkiaer and environmental indicators according to Ellenberg were described. Over the three years of the experiment, each month during the vegetation period the species inventoried and their percentage of coverage was determined.
Three times a year (in June, August and October) plants crops were harvested ( Figure 3 ). The collected plant biomass was dried in a drying The flora underwent ecological analysis (Table 3). Taxonomic data was compiled according to "The key to determine of vascular plants in Polish lowlands" [Rutkowski, 1998 ]. The names of the syntaxonomic groups according to Matuszkiewicz was used [2001] . Classification and share of flora life forms according to Raunkiaer was used [Zarzycki et al. 2002] . Geo-historical analysis of the plants was based on the studies by Rutkowski [1998] and Mirek et al. [2002] . The average coverage of plants with the models of fertilization were presented in a Braun-Blanquet scale (1964), including the modifications by Westhoff and van der Maarel (1978) .
Latin names of vascular plants was used according to Mirek et al. [2002] . [Majtkowski et al. 1999 , Nowak 2006 ]. The flora inventoried in 2011-2012 belonged to 17 taxa, in the rank of families, among which the dominant species were members of aster family (Asteraceae), goosefoot family (Chenopodiaceae) and cabbage family (Brassicaceae). During the 2013 growing season 19 taxa in the rank of the family were reported and their families dominance structure was partially changed. Still the species of aster family dominated, but the species of the grass family (Poaceae) and papilionaceous family (Fabaceae) became subdominants ( Table 4 ). This is due to the predominance of anemochory in these families that produce large amounts of light, volatile seeds, allowing them to spread over long distances. The most numerous botanical types include goosefoot (Chenopodium), knotweed (Polygonum), sowthistle (Sonchus), bluegrass (Poa), orache (Atriplex), clover (Trifolium), plantain (Plantago) and sedge (Carex). This is a typical distribution of botanical taxa in the spontaneous formation of the vegetation cover in the early stages of recla- Phytosociological and syntaxonomic analysis of flora of the years 2011-2013 proved the presence of 11 groups in the rank of classes. Among the distinguished groups of the studied flora more than 40% of the species belonged to nitrophilous communities of cultivated fields (class Stellarietea mediae). Two further groups of species were associated with the meso-and eutrophic communities of meadows (Class Molinio-Arrhenatheretea) and anthropogenic ruderal habitats (Class Artemisietea vulgaris). Other groups were represented by negligible number of syntaxonomic species ( Table 5) .
RESULT AND DISCUSSION

Ecological analysis of the flora
The spectrum of life forms of vascular plants vascular plants was partially changed. Among the identified species in 2011-2012 a clear dominance of annual plants (therophytes) was demonstrated, which accounted for almost half of the species of the studied flora. A relatively high proportion (39%) in the flora were perennials -hemicryptophytes. However, in 2013, hemicryptophytes clearly dominated (45%), with a simultaneous tendency to reduce the share of therophytes. Throughout the observation period there was a Table 3 . Ecological analysis of vegetating plants in experimental containers on the bed of combustion waste fed with fertilizers 5. Gt -taxonomic groups in the rank of families: Ac -Aceraceae, Ast -Asteraceae, Che -Chenopodiaceae, Po -Poaceae, Bra -Brassicaceae, Con -Convolvulaceae, ApiApiaceae, Ona -Onagraceae, Pol -Polygonaceae, Ger -Geraniaceae, Bal -Balsaminaceae, Lam -Lamiaceae, Fab -Fabaceae, Oxa -Oxalidaceae, Pla -Plantaginaceae, Scr -Scrophulariaceae, Car -Caryophyllaceae, Fag -Fagaceae, Vio -Violaceae.
6. Gg-h -geographical and historical genres: Ap -apophytes, Ar -archeophytes, Kn -kenophytes, A -presumably anthopophytes, Up -cultivated plants. 7 . Ge -ecological groups of species: R -ruderal, Sg -segetal, Ł -meadow species, Ll -broadleaf forests, O -tall herb fringe communities, Mp -sandy grasslands, Mksxerothermic grasslands, Z -bush, Nm -silt plants. significant share (12%) of geophytes, i.e. plants hiding their buds in the soil, often with storage organs (Table 6 ).
Evaluation of the effectiveness of reclamation in a model experiment based on plant cover
In the last year of the experiment in all models of fertilization, in terms of coverage, grass seeded at the beginning of the experiment dominated (Table 3 -Column 9, Figure 6 and 7) . In contrast, among the self-seeding plants their presence varies between models, for example, in NPK model papilionaceous plants dominated, and in models with Radiowo and ZUSOK compost and sewage sludge aster plants had the greatest coverage. The role of the so-called reclamation plants should Convolvulaceae -morning-glory family 1
Onagraceae -evening-primroses family 1
Geraniaceae -geranium family 1
Oxalidaceae -sorrel family 1
Balsaminaceae -balsamina family 1 Scrophulariaceae -figwort family
Violaceae -violet family 1
Total 83 100.0 40 100.0 39 100.0 51 100.0 50 100.0 55 100.0 54 100.0
Comments:
NPK -fertilizer N, P 2 O 5 , K 2 O without organic fertilization, kRa -Radiowo compost, kC -Complex compost, kr -plant compost, kZ-ZUSOK compost, O -sludge from municipal wastewater treatment. 
Experimental model with NPK without organic fertilization (NPK).
In the first year of the experiment (2011). Almost half of the containers fertilized with NPK blend were occupied by the sown 4 species of grasses. In contrast, coverage of white mustard (Sinapis alba) was estimated at approx. 10%. Over 20 other species of dicotyledonous plants inhabited spontaneously, incl.: white clover (Trifolium repens), Canadian fleabane (Conyza canadensis), fat-hen (Chenopodium album). In 2012, the share of grasses decreased to approx. 10%, and white mustard was not found (annual plant). In comparison to 2011 an increase in the share of small balsam (Impatiens parviflora), false London rocket (Sisymbrium loeselii), fat-hen (Chenopodium album), corn sow-thistle (Sonchus arvensis), field clover (Trifolium arvense) was recorded. The total number of species increased to 30. In the third year of the experiment in containers supported with fertilizer NPK (without organic fertilization) two species of grasses, sown in 2011, were dominant: Evon smooth meadow-grass var. Evon (Poa pratensis var. Evon) and red fescue var. Maxima (Festuca rubra var. Maxima). The free surfaces were usually occupied by self-seeding black medic (Medicago lupulina). Most species belonged to therophytes, annual plants overwintering in a form Based on the floristic observations moderate effectiveness of NPK fertilizer on the reclamation of a bed of coal combustion waste was proved. This is evident by relatively low coverage with hemicryptophytes -turf and cluster plants, mainly grasses.
Experimental model with Radiowo compost (kRa).
In this model, in the first year of the experiment, 26 species of plants were recorded. The sown grasses and white mustard constituted almost ¾ of the container surfaces, approx. 50 and 25% respectively. In the second year, the number of species did not change much, but there was a qualitative change in the structure of flora. Grass cover decreased to approx. 20% in favour of some species of dicotyledonous plants. These were mainly: puff-ball (Taraxacum officinale), corn sow-thistle (Sonchus arvensis), nettle-leaved goosefoot (Chenopodium murale), fat-hen (Chenopodium album), false London rocket (Sisymbrium loeselii), hedge mustard (Sisymbrium officinale), wild radish (Raphanus raphanistrum), white clover (Trifolium repens). A total of 30 species were recorded. In the third year of the experiment in the containers with Radiowo compost (kRa) there was again an increased grass cover up to almost 50%, mainly involving perennial ryegrass var. Stadium (Lolium perenne var. Stadion). The number of species did not change. In the third year of observations the cover of grasses in the containers with Radiowo compost reached 50%. In addition, the surfaces of containers were covered with goosefoot plants, cabbage plants and papilionaceous plants. They were both annuals (therophytes) and perennial plants (hemicryptophytes, geophytes, rhizomous plants).
The share of plants of these taxa manifests good effectiveness of reclamation on the bed. The importance of the process of biological reclamation plant of the papilionaceous plants and cabbage plants was also noted by Góral [2001] .
Experimental model with Complex compost (kC).
In the first year of the experiment, 25 plant species were found in the model bed. The dominant share in the coverage surface of the containers were sown with grass species. They covered approx. 60% of the containers, and white In 2013, another spread of grasses (50% of the coverage) seeded at the start of the experiment was observed. There were also some self-seeded grasses, incl.: rougle cock's-foot (Dactylis glomerata) and couch grass (Elymus repens). In total, this model 45 species of self-seeding plants were recorded. Among them, the highest surface coverage in the containers was occupied by the same species as in 2012. These were mainly therophytes: goosefoot plants, papilionaceous plants and synanthropic plant species. The domination of therophytes at this stage of recovery is not evidence of its high efficiency. Due to the relatively high proportion of grasses and goosefoot plants can one can predict for this model the intensification of soil formation in the following years and, consequently, even greater increase in the efficiency of reclamation of the applied deposit.
Experimental model with plant compost (kr). In 2011, 22 species of plants were recorded. The species of grass clearly dominated (approx. 70% coverage). In addition to the grasses there were mainly chickweed (Stellaria media), coltsfoot (Tussilago farfara) and Canadian fleabane (Conyza canadensis). In 2012, the cover of grasses decreased to 10%. There was a significant expansion of dicotyledonous plant species, of which the majority were: fat-hen Chenopodium album, corn sow-thistle Sonchus arvensis, Canadian goldenrod Solidago canadensis, Canadian fleabane (Conyza canadensis). In the growing season 39 species were recorded in the containers in this model. In the following year, the third year of the experiment, more than 50% of the containers were grown with grass. For the rest of the surface more than 30 The effectiveness of recultivation in this model was partially facilitated by the inhabitation of perennial dicotyledonous (hemicryptophytes, geophytes and herbaceous chamaephytes). However, the relatively low cover of grasses at this stage of recultivation proves its slow pace.
Experimental model of compost ZUSOK (kZ).
Most of the surface of the containers in this model in 2011 were overgrown with grass species (approx. 80%) with minor contributions from white mustard. In addition, several individual self-seeding dicotyledonous plants were reported. In the next year of experiment, grasses clearly subsided, inhabiting only 20% of the area. 41 species of dicotyledonous plants were observed. Among them the greatest coverage was recorded for: small balsam (Impatiens parviflora), puffball (Taraxacum officinale), fat-hen (Chenopodium album), false London rocket (Sisymbrium loeselii) and corn sow-thistle (Sonchus arvensis).
In the last year of the experiment a large share of grass cover was observed again. These were mainly grasses applied either at the beginning of the experiment, but also self-seeding species, for example: timothy grass (Phleum pratense), creeping bent (Agrostis stolonifera), annual meadowgrass (Poa annua), couch grass (Elymus repens). Among the dicotyledonous plants there were also those present in other models, typical reclamation plants. These were the plants belonging to the goosefoot family orache and goosefoot), cabbage (sisymbrium, radish and tansy mustard), papilionaceous (clover trefoil and medic). Ruderal plants, segetal weeds and meadow species had a high share of coverage.
Based on the identified floristic composition one can assume that the effectiveness of ZUSOK compost in the initial process of biological reclamation on the bed of combustion waste was merely satisfactory.
Experimental model of sewage sludge (O).
In the first year of the experiment the surfaces of containers fertilized with sewage sludge were covered with sown grass species (more than 80% coverage) and occasionally by white mustard. The remaining 16 species were dicotyledonous plants, and among them was the greatest share common chickweed (Stellaria media). The following year, the share of grasses decreased almost threefold. These surfaces overgrown with 39 self-seeding dicotyledonous plant species, of which the predominant was: small balsam (Impatiens parviflora), corn sow-thistle (Sonchus arvensis), sickle medick (Medicago falcata), fat-hen (Chenopodium album), november goldenrod (Solidago gigantea) and common chickweed (Stellaria media). In the third year of observations grass cover increased again to over 60%. During the three years of experiment in containers fertilized with sewage sludge a fairly good growth of vegetation cover was demonstrated.
It can be assumed that further stages of reclamation should be more efficient for the presence of (even with a small coverage) up to several species of papilionaceous and cruciferous family which, together with grasses, play a major role in the process of reclamation of furnace waste.
Evaluating the effectiveness of reclamation in a model experiment based on the crop yield
Based on the results of the plant yield an attempt was made to assess the efficiency of the reclamation models with fertilization. Each model was analyzed in terms of average yield of all the variants of fertilization during the three-year experiment. The size of crops in a given model was suggested by the level of effectiveness of reclamation model. Dry matter yields of plants, in of experimental area are shown in Table 7 and graphs 7 and 8. These data show the size of the crop yields obtained from different models of containers fertilized with three different variants (doses) of fertilizer during the three-year study.
Model N, P 2 O 5 , K 2 O (NPK) without organic fertilization of deposits assumed as a zero object (test), for the comparison of the effectiveness of all other types of organic fertilization. In 2011-2012, in variants 1 and 2 (single and a double dose of NPK) relatively high yields of plants were obtained. In the variant 3 (triple dose of NPK) plant yields were much lower than in variants 1 and 2. However, in the last (third) one, the yield of the experiment in all variants of fertilization were found to be relatively lower (Table 7) . Average total yields of plants for the period 2011-2013 from all the variants of fertilization in the analyzed model followed a clearly declining trend (Figure 8 ). It can be considered that the efficiency of reclamation on the basis of the yield obtained in this model was relatively low (Figure 9 ).
In the model of "Radiowo compost" (kRa) no clear relationship between the yields of plants and the size of reclamation dose of compost was showed. In each year of the study, the average yield of plants, regardless of the dose of fertilization with compost, had aligned values, but at the same time it was decreasing in subsequent years (Table 7) . During the three years of the experiment in the model with Radiowo compost the total obtained crop yields decreased (Figure 8 ). The effectiveness of reclamation in this model, on the basis of the yield was high (Figure 9 ). Three-year experiment in "Complex compost" (kC) model showed a significantly higher crop yields than in other models of fertilization. Mean total plant yield of three years and all variants of fertilization in this model were moderately decreasing (Table 7, Figure 8 ). Reclamation efficiency, on the basis of the results obtained in this model was very high (Figure 9 ).
In the first year of the experiment in a model with plant compost (kr) the highest yield of the plants was shown in variants 2 and 3. However, in the next two years significantly higher yields in the first variant and lower in variants 2 and 3 were recorded (Table 7) . During the three years of experiment in the model plant with compost the aggregated crop yields decreased (Figure 8) . Based on the estimation of the cumulative yield of reclamation efficiency in this model proved to be low, but the yield slightly exceeded the test model without organic fertilization -NPK (Figure 9 ).
In the model with ZUSOK compost (kZ) yields in 2011 were lower than in the other models. But in 2012, there was an increase in yields. However, in the third year of the experiment yields again decreased clearly (Table 7) . Average total yields of plants for the period 2011-2013 from all variants of fertilization in this model were relatively aligned ( Figure 8 ). The resulting low yield suggests low efficiency of reclamation in this model ( Figure 9 ). In 2011, the model with sewage sludge (O) gave approx. threefold higher yield in variants 2 and 3, as compared with the first variant. A similar trend occurred in the next two years, but with lower yielding (Table 7) . During the three years of experiment in the model of sewage sludge average yields of all variants decreased (Figure 8 ). The effectiveness of reclamation in this model, on the basis of the yield proved to be high ( Figure 9 ).
CONCLUSION
1. The experiment on the model bed of combustion waste showed that an important role in the course of reclamation is played by the presence of appropriate forms of plant life. In the initial stage of reclamation annuals (therophytes) are important as they stimulate the process of soil formation. In further phases of reclamation they ensure the highest efficiency of grasses and dicotyledonous plants, especially biennial, and perennial (hemicryptophytes, geophytes, herbaceous chmaephytes), which perpetuate the ground.
2. During the three-year experiment a vital role in improving reclamation on the experimental fields was played (except grass) by plants of the families: aster family, goosefoot family and papilionaceous family, which gathered a large amounts of biomass, which is important in the process of reclamation.
3. Based on the estimates of the degree of coverage of species and yield reclamation in the studied models, the highest efficiency was demonstrated in containers with Complex compost and Radiowe compost, as well as in the model with sewage sludge. The lowest efficiency has been demonstrated in the models of ZUSOK composts and plant compost.
4. Weather conditions (particularly high temperatures, reduced humidity) and the depletion of nutrients in the substrate had a large influence on the experience and efficiency of reclamation in the bed of combustion waste. This illustrates the dynamics of yield decline in subsequent years of the experiment.
5. Impromptu experimental model (ex situ) of biological reclamation of furnace waste cannot refer to real systems (in situ -dumps, landfills, etc.). Its functionality is fragmented and sometimes limiting accurate conclusions. Therefore, multiple iterations and multifaceted testing is required.
